The Tara Oceans expedition (2009)(2010)(2011)(2012)(2013) sampled contrasting ecosystems of the world 41 oceans, collecting environmental data and plankton, from viruses to metazoans, for later 42 analysis using modern sequencing and state-of-the-art imaging technologies. It surveyed 210 43 ecosystems in 20 biogeographic provinces, collecting over 35000 samples of seawater and 44 plankton. The interpretation of such an extensive collection of samples in their ecological 45 context requires means to explore, assess and access raw and validated data sets. To address 46 this challenge, the Tara Oceans Consortium offers open science resources, including the use 47 of open access archives for nucleotides (ENA) and for environmental, biogeochemical, 48
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sets. In the case of molecular data, raw short sequence reads are archived at the European 71
Bioinformatics Institute short read archive (http://www.ebi.ac.uk/ena/) and made available 72 immediately after manual curation of metadata. More advanced data (assemblies, 73 annotations, etc.) will be released immediately after validation and before publication, and 74 other versions will be released when available. In the case of environmental, 75 biogeochemical, taxonomic and morphological measurements, data are published at 76 PANGAEA, Data Publisher for Earth and Environmental Science (http://www.pangaea.de) 77
and made available immediately after manual curation of metadata. 78
By combining modern sequencing and state-of-the-art imaging technologies, Tara Oceans is 79 at the cutting edge of marine science (3). The amount of data generated by these 80 technologies is unprecedented in the field of plankton ecology and requires adapted storage 81
infrastructures and collaborative platforms to carry out manual and automated annotation 82 of sequences and high throughput images. These open science resources are currently being 83 developed by Tara Oceans. 84
A first series of publications has demonstrated the potential of Tara Oceans data to study the 85 ecology of plankton and the structural and functional diversity of viruses, prokaryotes and 86 eukaryotes in the global ocean (4-11). These publications are based on a fraction of the 87 samples analysed so far and thus represent only the tip of the iceberg. The exploration of 88 Tara Oceans data by the scientific community will undoubtedly lead to new hypotheses and 89 emerging concepts in domains unforeseen by the Tara Oceans Consortium. The current 90 discovery portal of Tara Oceans offers a simple map interface that links each sampling 91 location to available environmental and molecular data (http://www.taraoceans-92 dataportal.org/). It will however evolve to offer advanced search functionalities based on 93 geospatial, methodological, environmental, morphological, taxonomic, phylogenetic and 94 ecological criteria. 95
Here, we present an overview of the sampling strategy and size-fractionation approach of 96 the Tara Oceans Expedition (Methods Section) and we explain the rationale behind the 97 choice of sampling devices (Technical Validation Section). Most importantly, we provide 98 registries (data sets) describing all campaigns (from port-to-port), stations and sampling 99 events (Data Records Section). These registries contain geospatial, temporal and 100 methodological information that will be essential for researchers to explore and assess the 101 quality of Tara Oceans data. Environmental data sets are already available openly, in whole 102 or in part, and additional data sets will be progressively released to the community. We 103 intend to submit additional publications describing specific data types (e.g.,Data Citations 1-104 5) in more detail, further extending the value of this resource as the data becomes available. 105 106 Methods
107
As a research infrastructure, the Tara Oceans Expedition mobilised over 100 scientists to 108 sample the world oceans on board a 36 m long schooner (SV Tara) refitted to operate state-109 of-the-art oceanographic equipment (Figure 1 ). On board the schooner, the team was 110 consistently composed of five sailors and six scientists, including one chief scientist, two 111 oceanography engineers in charge of deck operations, instrument maintenance and data 112 management, two biology engineers preparing and preserving samples for later 113 morphological and genetic analyses, and one optics engineer in charge of imaging live 114 samples on board. A winch equipped with 2400 m of cable was installed to deploy sampling 115 devices from the stern of the ship, and an industrial peristaltic pump was installed on 116 starboard to sample large volumes of water from various depths down to 60 m. Peristaltic 117 and vacuum filtration systems used to concentrate plankton on membranes of various pore 118 sizes were setup in a laboratory container (wet lab) located outside on port side. Flow-119 through instruments connected to the continuous surface sampling system were installed in 120 the fore peak and in a laboratory (dry lab) inside the schooner at the centre of the ship on 121 port side. 122
The sampling strategy and methodology of the Tara Oceans Expedition is presented in six 123 sub-sections. were collected for imaging and genetic analyses. These methods were also described briefly 130 in (3). 131
[1] Atmospheric and oceanographic context at the mesoscale 132
The regular sampling programme was designed to study a variety of marine ecosystems and 133
to target well-defined meso-to large-scale features such as gyres, eddies, currents, frontal 134 zones, upwellings, hot spots of biodiversity, low pH or low oxygen concentrations. A total of 135 210 stations were characterised at the mesoscale to provide richer environmental context 136
for the morphological and genomic study of plankton ( Figure 2 ). In order to identify these 137 features before sampling but also to assess a posteriori if sampling events carried out during 138 a station were taken within a relatively homogeneous environment, the atmospheric and 139 oceanographic context were determined at the mesoscale, using climatologies, remote 140 sensing products and arrays of Argo profiling floats. The surface water layer (ENVO:00002042), sometimes labelled in the literature and 243
databases as "surface", "SRF", "SUR", "SURF" or "S", was simply defined as a layer between 3 244 and 7 m below the sea surface. The deep chlorophyll maximum layer (ENVO:01000326), 245 often labelled in the literature and databases as "DCM" or "D", was determined from the 246 chlorophyll fluorometer (WETLabs optical sensors) mounted on the Rosette Vertical 247
Sampling System [RVSS] . The presence of a DCM may indicate a maximum in the abundance 248 of plankton bearing chlorophyll pigments, or it may result from the higher chlorophyll 249 content of plankton living in a darker environment (18). This can be assessed a posteriori 250 using water samples analysed for pigments by HPLC methods and from plankton counts. The 251 mesopelagic zone (ENVO:00000213), also labelled in the literature and databases as "MESO" 252 or "M", corresponds to the layer between 200 and 1000 m depths. The sampling depth 253 within the mesopelagic zone was selected based on vertical profiles of temperature, salinity, 254 fluorescence, nutrients, oxygen, and particulate matter. The selected depth varied from 255 station to station, targeting for example a nutricline, a minimum concentration of oxygen, a 256 maximum concentration of particulate matter, or a fixed depth of ca. 400 m when no 257 particular feature could be identified. Other environmental features of special scientific 258
interest include the oxygen minimum zone (ENVO:01000065), often labelled in the literature 259 and data sets as "OMZ" or "O", and the epipelagic mixing layer (ENVO:01000061), also 260 labelled in the literature and data sets as "ML", "MIX" or "X". 261 A complete sampling station consisted of collecting plankton from three distinct 262 environmental features, typically the surface water layer, deep chlorophyll maximum layer, 263 and mesopelagic zone (Figure 4 ). Such a station lasted typically 24-48 hours and special care 264 was taken to reposition SV Tara in order to remain within a radius of 10 km and sample a 265 homogeneous ecosystem as much as possible (see previous two sub-sections). The sequence 266 of sampling deployments varied but generally followed the order illustrated in Figure 4 were discovered more recently and are increasingly observed in marine samples (24) (25). 293
Prokaryotes are believed to be responsible for 30% of primary production and 95% of 294 community respiration in oceans (26) and are thus a fundamental component of marine food 295 webs and biogeochemical processes. They are often divided and studied as two size 296 fractions: the free-living prokaryotes range in size from 0.22-3 μm, and those that are 297 attached to larger cells, particles, or aggregates are found in the 3-20 μm size-fraction (27). 298
In most cases, they are very difficult to culture. Unicellular eukaryotes, or protists, cover a 299 broad range of cell size (0.8-2000 µm). They are taxonomically very diverse with 300 representatives in all of the 8 super-groups of the eukaryotic tree of life (28), whose roles in 301 marine and Earth systems ecology are largely unexplored. Only the most abundant groups, 302 such as diatoms and dinoflagellates, have been studied extensively in the field and cultured 303 successfully (29). Meso-zooplankton (metazoans; multicellular eukaryotes) range in size from 304 50 µm to tens of metres in colonial forms, and play a pivotal role in both the transfer of 305 energy to higher trophic levels such as fish and other large predators, and in the vertical 306 export of particulate matter produced at the surface of the ocean (30). Their life history (e.g., 307
metabolism, development, locomotion, reproduction, feeding) and their body-size are 308 important properties affecting these two processes (31). 309
Various sampling methods were used to capture the diversity of both the dominant and less 310 abundant organisms described above (see Technical Validation Section). These methods 311 effectively separated organisms into 10 size fractions: <5 µm (or <3 µm), 5-20 µm (or 3-312 20 µm), <20 µm, 20-180 µm and 180-2000 µm for planktonic viruses, prokaryotes and 313 unicellular eukaryotes, and >50 µm, >200 µm, >300 µm, >500 µm and >680 µm for large 314 planktonic unicellular eukaryotes and metazoans. Whenever possible, replicate sampling was 315 performed to assess plankton natural variability and to ensure long-term storage of samples 316 in view of future re-analysis using new technologies, notably in the fields of high throughput 317
imaging and -omics which are evolving extremely rapidly. 318
Detailed protocols concerning the filtration, preservation and storage of plankton samples 319 will be described in detail as a separate publication. Morphological data will be openly 320 released at PANGAEA (http://www.pangaea.de) and nucleotides data will be openly released 321
as they become available at the European Nucleotide Archive (http://www.ebi.ac.uk/ena/). 322
[6a] Sampling planktonic viruses, prokaryotes and unicellular eukaryotes 323
Sampling devices used to collect small size organisms (<20 µm size fractions) Whole seawater collected by these devices was then pre-filtered successively on nylon 345 conical sieves with a mesh of 200 µm and 20 µm, and additionally 5 µm for protists (Table 1) . 346 The filtrate was collected in four to six 100-L polyethylene containers, which were thoroughly 347 washed with 0.1% bleach, rinsed twice with fresh water and rinsed again twice with the 348 filtrate. Depending on protocols, the <5 µm and <20 µm filtrates were further fractionated 349
on-board using one or a combination of membranes with pore sizes 0.1 µm, 0.2 µm, 350 0.45 µm, 0.7 µm, 0.8 µm, 1.6 µm or 3 µm. The retention efficiency of meshes, pore-351 membranes and fibre-filters is a constant debate in plankton ecology. Organisms display 352 various shapes, including high length-to-width ratios, some may easily "squeeze" through 353 pores smaller than their "normal" size, and others may form colonies or tend to aggregate 354 into particles much larger than their individual size. We do not intend to assess the efficiency 355 of the various meshes and filters in retaining the different groups of organisms targeted 356 during the Tara Oceans Expedition. We simply picked commonly used size-fractions and 357 accept the fact that organisms or parts of organisms from the different groups may be 358 present in several size-fractions. 359
The choice of size thresholds used to collect small eukaryotes, and prokaryotes associated 360
with small particles or with eukaryotes varied during the Tara Oceans Expedition, between 3-361 20 µm and 5-20 µm. Plankton from that size fraction comprise organisms that are often not 362 abundant enough in whole seawater and often too fragile to be collected with plankton nets 363 that are themselves too delicate to be deployed in rough seas. The sampling method was 364 therefore weather-dependent and often a combination of using either the pump [HVP- thoroughly pre-washed with 0.1% bleach, rinsed twice with freshwater and rinsed again 398 twice with seawater pre-filtered on 0.1 µm. The volume of net sample was adjusted to 3 L 399 with 0.1 µm pre-filtered seawater. After each use, nets, cod-ends, and sieves were rinsed 400 with fresh water and checked for holes. 401
[6b] Sampling large planktonic unicellular eukaryotes and metazoans 402
Sampling devices used to concentrate and collect the larger and less abundant organisms 403 (>50 µm size fractions) consisted of plankton nets with mesh sizes ranging from 50 to 404 680 µm [NET-TYPE-MESH] and metal pan-shaped sieves [SIEVE-MESH] to remove large 405 organisms as needed (Table 1) . All nets were equipped with a flow meter and a temperature-406 depth recorder, and their depth was monitored and adjusted during deployments using an 407
acoustic SCANMAR system. Upon recovery, all nets were rinsed from the outside with 408 running seawater. Cod-ends and metal sieves used to size-fractionate samples were rinsed 409
with running seawater pre-filtered successively on 25 µm and 0. 
Technical Validation

559
Here we provide a first order validation of the Tara Oceans sampling methodology by 560
compiling published values of plankton cell/body size, natural abundance and richness 561 (Table 2) . These are compared to the sampling volume and mesh size of the different 562 sampling methods ( Figure 5 ). 563
Life history traits such as cell/body size and the natural range of abundance determine the 564 general structure and dynamics of food webs and other ecological networks, across multiple 565 scales of organisation (35) (31). Here we characterise the five groups of plankton by their size 566 and abundance in seawater, using values from the literature ( Table 2 ). The range of these 567 characteristics are summarised for each plankton group using coloured areas on the 568 horizontal plane of Figure 5 . As already described for a wide range of organisms (36), the 569 literature shows an inverse relationship between plankton size and abundance in the natural 570 environment, so that small viruses (10 -2 -10 0 µm) generally form the most abundant group 571 (10 7 -10 11 ind. L -1 ), whereas the larger metazoans (10 1 -10 5 µm) are generally the least 572 abundant group (10 -4 -10 3 ind. L -1 ). 573
Species richness and evenness are used to estimate species diversity, and should therefore 574 be considered when designing sampling strategies and methodologies for biodiversity 575 studies. Here we characterise the five groups of plankton by their species richness in 576 seawater, using values from the literature ( Table 2 , Refs. 37-68). From these values we made 577 "back of the envelope" calculations of the volume of seawater required to capture 100%, 578 75% and 50% of species within each group of plankton ( Figure 5 ; coloured areas on the 579 vertical plane). The effectiveness of our sampling strategy can be assessed by comparing 580 these coloured areas with the sampling volume of the various sampling devices used during 581
the Tara Oceans Expedition (horizontal full lines on the vertical plane). 582
Based on this assessment, it appears that our sampling strategy would capture <50% of total 583 richness for viruses and small size protists (0.8-5 µm). Accordingly, one would need to filter 584 thousands of litres of seawater in order to capture 75% of total richness for these groups. 585
This is both impractical for most field campaigns and dependent on how one defines the 586 currency of richness for these groups, i.e. the concept of species. In all other groups and size 587 fractions, our sampling strategy appears to capture >75% of species richness, and 100% in 588 the case of large size protists and metazoans. It is important to note that data about 589 plankton richness is very scarce in the literature, so that this assessment is only a first 590 approximation. Tara Oceans data will undoubtedly contribute to fill this knowledge gap and 591
improve the sampling design of future ocean biodiversity surveys. 592 593 object identifier (see data citations in the Reference Section). Furthermore, we kindly ask to 600 include the Tara Oceans Consortium in the acknowledgements. When referring to the Tara 601
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Oceans Data or to the sampling strategy and methodology of the Tara Oceans Expedition, 602 please cite the present paper. 603 604
Acknowledgements 605 We thank the commitment of the following people and sponsors who made this singular 606 expedition possible: CNRS The flow of seawater from the continuous surface sampling system to the dry lab is shown in 731 blue. The horizontal plane shows the range of body/cell size and natural abundances reported in 760 the literature ( 
S O U T H P A C I F I C O C E A N N O R T H P A C I F I C O C E A N N O R T H P A C I F I C O C E A N N O R T H A T L A N T I C O C E A N S O U T H A T L A N T I C O C E
